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ABSTRACT 
A METHOD TO LOCATE ENVIRONMENTAL JUSTICE POPULATIONS 
AN ANALYSIS OF VULENERABLE POPULATIONS IN THE MASSACHUSETTS 
MAY 2012 
ZACHARY SULLIVAN SILVERMAN, B.A., CLARK UNIVERSITY 
M.R.P., UNIVERSITY OF MASSACHESETTS AMHERST 
Directed by: Professor Elisabeth Hamin 
 Environmental Justice is an issue that has been relevant in the mind of the 
federal government for the past 18 years. Within society, the goal of Environmental 
Justice looks to prevent the exploitation of vulnerable populations through the siting of 
environmentally hazardous sites. Instead of over burdening specific vulnerable 
populations, fair distribution of hazards throughout the population is desired.  
 Although there is a large body of research that study the location and impact of 
hazardous sites on the surrounding communities, there are few existing models which 
look to locate vulnerable populations through the use of quantitative data. Of the 
existing models none implement an intensity scaling method based upon the percent of 
the population that exist within certain study area dependent thresholds. The purpose 
of this study is to develop a multi level index that examines a study area based upon 
intensity scaling of census data as well as hazard siting proximity analysis. A gap in the 
current literature is filled by the creation of the index and introduction of intensity 
scaling. 
 The final output of the index presents a method that is modular allowing for the 
application of each level of the index to be applied individual of the other level. The 
index can be used to support and facilitate decision making performed by local, state, or 
vi 
 
federal agencies, to prevent the over burdening of a community. A second use is as a 
predictive model, providing a base upon which a better understanding of the local 
impacts of future siting and/or removal of a hazardous site can be evaluated. A final use 
of this index is as a foundation upon which future research can be conducted, providing 
an environmental justice understanding of a region, allowing for targeted research to be 
performed.   
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CHAPTER I 
ENVIRONMENTAL JUSTICE AND THE GENERAL POPULATION 
A. Introduction 
Environmental Justice is the effort to redress the long-standing practice of placing 
noxious uses near people who are poor or of color.  The movement began as a grass-
roots effort during the 1970s, and was adopted as federal policy in the 1990s.  Under 
the Obama administration, it has once again risen in profile to be an important policy 
question.  Quantifying the extent of environmental injustice and identifying who counts 
as affected has continued to be a challenge, however.  Research has demonstrated that 
there is a correlation between the siting of hazardous uses and the race of the 
proximate populations (give some cites here), although results remain contested (give 
some counter-cites).  Because mapping hazardous uses has been fairly complicated, 
federal policy has used socio-economic indicators to create a yes/no categorization of 
locations as either locations of concern for environmental justice (EJ), or locations 
where more positive socio-economics suggest that EJ is not an issue.  But some 
communities are very severely burdened with socio-economic challenges and multiple 
hazardous sites, while others have more minor challenges. A better EJ indicator would 
identify the intensity of injustice in an area, by socio-economics as well as existing 
hazardous sites.  This thesis responds to this need by developing an EJ index that 
quantifies the level of socio-economic vulnerability along with the siting of hazards 
throughout the study area. The index can also be applied to determine the effects how 
the potential siting and or removal of a hazard will impact local communities. The index 
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uses readily-available data provided by the United State Census and other government 
maintained data sets, mapped with GIS to identify spatial locations, and supplies the 
basis for the thesis. The index is applied to the Commonwealth of Massachusetts as a 
test to evaluate its utility as well as providing a unique look at how the regions within 
Massachusetts differ in terms of environmental justice population and community 
burden.  The index identifies areas of environmental in-justice in a manner that allows. 
Better measures of where environmental justice populations reside will help avert the 
unintended exploitation of their plight, preventing an increase in the environmental 
justice burden that these communities exist under.  
The index is designed to function at multiple levels, with its current iteration 
consisting of two levels. Level one examines socio-economic data while level two 
incorporates the siting of hazards throughout the study area into its valuation. Final 
outputs of this index at level one have the ability to be displayed spatially, but such an 
output is not required to understand the results at level one of the index.  Level two is 
fully spatial.  Inherent in the index is a set of weights and thresholds for both socio-
economics and the ‘badness’ of the hazard.  These are explicit in the model so that in 
the future policymakers can vary the weighting to suit situations and policy goals. 
This thesis is a continuation of research conducted during the RP675 - Regional 
Planning Studio that took place during the fall semester 2011. The studio was focused 
on “prepar[ing] significant sections of the next version of the Pioneer Valley 
Sustainability Plan (PVSP). In particular, we will focus on developing a highly inclusive 
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definition of environmental justice (EJ), and then apply it to various planning sectors to 
both test the definition, and to follow its consequences for that sector” (Hamin 2011, 1). 
The studio developed an environmental justice definition, and with input from team 
members I created a basic index of socio economic factors to determine the location of 
historically vulnerable populations (Figure 1). This thesis extends from the studio index 
beyond socio-economic data, exploring the burden hazards place upon the communities 
located in close proximity. This work looks to determine not only where existing 
environmental justice communities exist, but also forecast the impact of future hazard 
siting. 
B. Literature Review 
Environmental justice was established as a legal issue within the United States 
Government on February 11, 1994, when President Clinton signed Executive Order 
12898 in response to increasing public concern and siting protests by communities of 
color targeted for hazardous uses (Bowen Salling et al. 1995). The order signed by 
Clinton required each federal agencies to develop a plan within the year “(t)hat 
identifies and addresses disproportionately high and adverse human health or 
environmental effect of its programs, policies and activities.” (Clinton 1994, 2).  In 
implementing its policy, the U.S. Environmental Protection Agency defines the issue this 
way: 
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Environmental Justice is the fair treatment and meaningful involvement of all 
people regardless of race, color, national origin, culture, education, or income 
with respect to the development, implementation, and enforcement of 
environmental laws, regulations, and policies. Fair Treatment means that no 
group of people, including racial, ethnic, or socioeconomic groups, should bear a 
disproportionate share of the negative environmental consequences resulting 
from industrial, municipal, and commercial operations or the execution of 
federal, state, local, and tribal environmental programs and policies. Meaningful 
Involvement means that: (1) potential affected community residents have an 
appropriate opportunity to participate in decisions about a proposed activity 
that will affect their environment and/or health; (2) the public’s contribution 
can influence the regulatory agency’s decisions; (3) the concerns of all 
participants involved will be considered in the decision-making process; and (4) 
the decision-makers seek out and facilitate the involvement of those potentially 
affected. (USEPA 1995, 3) 
The focus in this research is on Fair Treatment, rather than process considerations of 
meaningful involvement. 
Of note in the definition above is that it focuses attention on racial, ethnic, or 
socioeconomic groups as the objects of concern. Maantay and Maroko note that 
affected groups in this definition have been broadened by “many researchers and 
advocates to include other vulnerable groups, such as children, the elderly, the immune-
compromised and future generations…” (Maantay and Maroko 2008, 115). To date, 
however, federal policy has resisted the impulse to broaden the definition, and 
continues to focus on more traditional population definitions.  Perhaps the most difficult 
and fundamental EJ question is presented by Mohai and Saha: “Uncertainties also exist 
about the causes of racial and socioeconomic disparities in the distribution of 
environmental hazards. Indeed, the most fundamental question – which came first, the 
people or the pollution? – has yet to be satisfactorily answered. That is, are present-day 
disparities the result of a historical pattern of disproportionately siting polluting facilities 
in minority and poor communities, or are they a result of demographic changes in 
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communities after siting?” (Mohai and Saha 2006, 383).  For purposes of policy 
regarding future land use decisions, at some level causation is irrelevant – whether the 
hazards came to the people or the people to the hazards, the policy goals inherent in EJ 
suggest that future actions should not increase the environmental burden of vulnerable 
populations. 
Achieving EJ policy goals requires that the definition of EJ population be 
operationalized through quantification and spatial mapping of populations.  This leads 
to the questions central to this thesis: What steps need to be taken to uniformly 
measure environmental justice?  What populations historically exist as vulnerable 
populations within the current societal structure? What approaches have been 
developed in the past to quantify where environmental justice populations exist? How 
should existing categories of hazardous sites be valued in comparison to each other?   
Existing literature provides guides for answering these questions.  In the following pages 
I have identified the key areas that need to be addressed for a comprehensive 
environmental justice index to be created.  
This question does not need to be addressed for an environmental justice index 
to be beneficial, and does not limit the results as methods may not explore how these 
areas became polluted and/or populated by these populations. While these factors are 
not explored in some environmental justice indexes, the placement of hazards 
historically has directly affected the property values around the sites. The question 
while not directly relevant to the environmental justice indexes, it is important to 
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remember as it is an area of research that can help prevent such instances of injustice 
from occurring in the future.  
One of the challenges of working in the area of environmental justice is that the 
research results can be politically charged.  For example, a leading study that disputes 
the correlation of race and hazardous siting is by Bowen, who acknowledges that his 
study of environmental justice research through 2002 was partially funded by Waste 
Management Incorporated, which has been the source of doubts regarding the integrity 
of research (Goldman 1996).  As explained by Mennis:  
(T)he “conventional” statistical approach to environmental justice analysis, and 
the GIS software and data that are used to support this approach, adhere to 
particular models of the real world that impose representational and 
methodological constraints and assumptions on the way environmental justice 
is understood and therefore analyzed. Many of these methodological issues lie 
at the foundation of the dispute over the interpretation of statistical evidence of 
environmental injustice. (ibid, 282)  
A basic but important constraint that Mennis stresses is relevant to all work that 
is conducted with the help of data sets, “…present potential pitfalls to researchers who 
do not explicitly acknowledge how data and methods of analysis can control analytical 
results. Although the issue of making explicit an investigation’s analytical assumptions 
exists for nearly any analysis, the ease of use of many GIS often serves to make this issue 
transparent to the casual user” (ibid, 295). This is a solid point that calls for a high level 
of transparency through all levels of research.  
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1. Previous Environmental Justice Indexes 
The need to create an index that explores more than one health factor is an area 
that Sadd, Pastor et al., introduces, “…advocates and others have suggest that 
traditional chemical-by-chemical and source-specific assessments of potential health 
risks of environmental hazards do not reflect the multiple environmental and social 
stressors faced by vulnerable communities.” (Sadd, Pastor et al. 2010, 1442) They 
attempted to address this in the index they developed, but within their index they only 
explore the affects of air pollutants on the vulnerable communities. This is an area of 
their index that should be improved upon by the methods of a future index. Future 
works should include the study of more than one type of hazardous sites, not limiting 
the index to a specific type of pollutant.  
In an article published by Su et al., an index is put forth that attempts to 
determine areas of environmental justice through the use of ethnicity/race at a large 
geographic level (Su, Morello-Frosch et al. 2009). This index is a strong jumping off point 
for further research into areas of environmental justice but as Sadd states, “this 
approach is not conducive to ranking and assessing distributional patterns of CI 
[cumulative impacts] at a more local, neighborhood-level scales within regions.” (Sadd, 
Pastor et al. 2010, 1442) The detail within a region is important as at higher geographies 
smaller concentrated pockets of environmental justice populations can get washed out 
by neighboring and/or regional populations. Sadd et al., also expands on the need for a 
finer resolution study to be completed “…within-region CI assessments are important 
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because industrial clusters, as well as land-use planning decisions, are often rooted 
within metropolitan regions; thus regulatory interventions to mitigate the cumulative 
impact of environmental and social stressors often require regionally-specific 
strategies.”(ibid, 1443) These pockets of industry and land-use represent areas of 
extreme importance to any study on the location and distribution of environmental 
justice populations. Understanding how industrial clusters and the siting of hazards 
within certain areas affecting local communities, allowing for their impact to be 
appropriately calculated within an index. These calculations play an important role in 
determining how an index will evaluate current and future impacts possible due to 
hazard siting within communities. 
a. Significance 
 Gap in the research for an Environmental Justice from with to support 
future research 
o Can be used to explore how health effects relate to the location of 
environmental in-justice populations 
o Sub-national levels of analysis 
  Comparison between regions 
 Examine multiple hazard types 
o Air Polluters 
o Hazardous Waste Generators  
o Water Discharge Sites 
 Impact future siting of Hazard Sites 
2. Index 
The impacts of pollutants on a study area is hard to quantify, there are multiple 
approaches to take such as spatial coincidence and proximity analysis. (Maantay 2007, 
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14) Of these two approaches a model gains more from the proximity analysis, this 
approach: 
...examines the population within a certain specified distance of the 
polluting facility. The distance used in the calculations is related to the 
type of facility involved and its likely emissions. Populations within the 
appropriate buffer distance are considered to be impacted, and those 
outside the buffer are considered not impacted. (ibid, 14) 
This approach facilitates an understanding of how the populations within a community 
can potentially be affected by emitted pollutants. The potential for the exposure of 
those within these buffers is much greater than those outside the buffers.  
 In comparison to the spatial coincidence “This method has been generally 
acknowledged to be superior to the spatial coincidence method because it more 
adequately captures the potential for exposure (Maantay, 2002, McMaster et al..1997).” 
(ibid, 14) In an attempt to measure exposure proximity analysis has some issues, “It 
assumes that everyone within the (usually circular) buffers is impacted equally, when 
we know that air pollution does not disperse equally in all directions for a source.”(ibid, 
14)  Using proximity analysis to measure exposure from emitting sources is acceptable 
as the work necessary to accurately understand how pollutants are emitted and their 
impact area is excessive: 
“...short of conducting a much more detailed and individualized 
environmental assessment of each pollution source proximity analysis 
using standard buffers remains a valid means of evaluating 
environmental justice concerns.” (ibid, 14) 
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For a method that is designed to be implemented by those not overly skilled in 
GiS and applicable across any study area, the in-depth work required per site to 
accurately measure impacts is not a realistic option. 
An empirical formula which facilitates uniform application across any study area 
to determine areas where environmental justice communities reside is an important 
aspect of any index. In 2002, Bowen believed such analysis would require new 
databases created “specifically to enable researchers to more effectively compare 
demographic and socioeconomic groups in terms of differences in exposure and 
subsequent public health effects.”(Bowen 2002, 12)  With data provided by the United 
States Census and local GIS agencies all the requisite data for this an environmental 
justice method to be run effectively is easily obtainable. Block group data is available for 
predetermined vulnerable populations to provide the needed socioeconomic data from 
the U.S. Census, while point data of hazardous sites is available from various state and 
government sources. 
A approach for locating areas of environmental in-justice should follow a 
structure laid out by Bowen, “… data must accurately operationalize the essential 
concepts in the research, e.g., if they are to be used in testing hypotheses about the 
relationship between exposure and public health, then they must contain variables that 
measure exposure (not proximity and various related diseases.)”(ibid, 12) Within the 
scope of a model, the best fit for measuring the potential exposure from a hazard site is 
through the use of proximity buffers. With the necessary support that comes in the 
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following pages a solid foundation is built upon which a model can predict the high 
possibility of exposure occurring within certain proximities. A strong environmental 
justice index should develop an approach that contains multiple levels of analysis and 
focus allowing for specific areas of interest to be examined, employing the needed 
variables to get an accurate picture of the study area.  
A constraint of great importance to the construction of an index is how the study 
area is segmented. The possibility for examining the study area at too low of a 
resolution can lead to important pockets of information becoming obscured. Examining 
an entire study area at to high of a resolution can cause the full story of the study area 
to be missed, with focus instead being paid to only a small proportion of the total study 
area. (Ibid, 283) These are areas that affect any index greatly, as an index should not be 
limited to any specific aerial unit allowing movement between the desired level of detail 
depending upon the needs of the user. Even while a index should be capable of being 
applied at any level for which data is available, the difference in data from block group 
to census tract is extreme as small pockets of vulnerable people can be swallowed up by 
larger tract populations, while margin of error at the block group level can invalidate the 
estimates altogether.  
However, this definition of resolution is problematic, because census tracts (and 
nearly all census- or other organization-based geographic zonation schemes) 
vary widely in their areal extent: they are typically much smaller in urban areas 
than in rural areas. Despite this issue, the choice of areal unit often serves as the 
definition of “community” and is then used to determine whether a community 
does or does not host an environmentally hazardous facility. (ibid, 283) 
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This choice of community/study area is extremely important and can have great 
(negative or positive) effects on the results that are determined. It is very important to 
be cognoscente of the level of community that the work is being performed at. When 
working with the data required for this approach, the more detailed the data, the 
better.  
The use of block group data within a study is ideal but it comes with many 
limitations. The data may not be available for the desired attributes with which you 
want to use. A painful but true issue with detailed levels of data such as block groups 
can be the issues that come when dealing with massive amounts of values, as a single 
small urban area can contain hundreds of block groups, while a rural town can be 
contained by a single block group (ibid, 283). A large limitation with any approach that 
this an index explores is that the study area examined can only be displayed at the level 
which the least detailed attribute is situated. 
a. Significance 
 Accurate study area analysis 
o Ease of use 
 Use reliably available data 
 Data from U.S. Census, Federal/State GIS data 
 Ideal community size at block group level 
 Total data and output transparency 
 Ability to compare across multiple study areas  
 Multiple levels of analysis 
 Proximity analysis to determine exposure to local communities 
o Circular buffer 
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3. Hazards 
Environmental hazards provided no value to the community beyond their 
economic and purpose of existence. These factors rarely if ever outweigh the impact 
they have on both the built and natural environment. For the purposes of this thesis the 
effects on the natural environment from these hazardous sites will not be explored. 
How these hazards effect the built environment and those that interact daily with that 
environment is an area that needs to be understood to accurately contrast an 
environmental justice index.   
What exactly is an environmental hazard is a question that must be addressed 
before they can be quantified. Identifying what a hazard is, as well as how it interacts 
with a receptor, has been explained clearly by Ramsey (2009), 
… hazard assessment it has been defined as a possible source of danger due to 
the innate properties of an agent (i.e. biological, chemical or physical) to cause 
harm (IETC 1996).  (Ramsey 2009, 207) 
The need for danger is a basic principle that when lacking must remove an object from 
consideration as a hazard. An object cannot be an environmental hazard just because 
you do not like its existence or purpose. A strong case can be made for strip clubs to be 
classified as a social hazard, but within this index they do not qualify as they do not 
poses the required properties to cause physical harm.  
 In contrast exposure has been expressed as the contact of a chemical with an 
outer boundary of a person (US EPA 1992), such as the skin, nose or mouth. This 
is different from the dose which refers to material that enters the body, such as 
ingested material. (ibid, 207) 
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After the hazard has been established to have the potential to do physical harm 
to those who come into contact with its agents, it is important to understand how the 
agent can inflict damage. Is the agent an airborne pathogen, does it permeate through 
liquids, is direct contact with a solid containment required for its acquisition? These are 
all factors that must be considered when applying values to the effective range of an 
environmental hazard. Separate distances must be established indicating the 
differences between water borne, and air polluting environmental hazards site.  
A typical example of a receptor is a human child, but in the environment it could 
also be a species of animal or plant or a whole ecosystem. (ibid, 207) 
An environmental hazard placed within the right physical environment has the capability 
of affecting more than just those that enter its hazardous radius. While environmental 
justice does not focus on the impact of environmental hazards on the natural 
environment and the non-human life forms within, that impact cannot be ignored. A 
spawning river for fish or ecosystems supporting many different organisms can be 
eradicated by these sites and their byproducts. 
To constitute a risk, there must be not only a hazard and a receptor, but also a 
complete pathway of exposure between the two. (ibid, 207-208) 
 For a index to provide pertinent results the pathway must be understood 
and accounted for. An air polluting site cannot be applied the same radius of 
impact as a hazardous waste site. This represents a key concept in an Index, as 
different hazards receive different radius within which they are capable of 
impacting the surrounding communities. 
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 An interesting approach to determining areas of environmental justice 
populations is put forth by Maantay and Maroko. They explore how populations 
are impacted by 100 year flood plains in New York City, seeking to “define 
environmental justice in the context of natural hazards and disasters” (Maantay 
and Maroko 2008, 111). It is an interesting measure to observe how 
environmental justice populations are represented in comparison to disaster 
flood records. Historical development patterns placed the wealthy living on the 
hills overlooking the masses, and this is still true in many places. The need to 
understand and incorporate flood data into the index is growing in importance 
due to the presence of global climate change;  
…it is predicted that global warming and accelerated sea level rise could greatly 
increase flood risk … [It is advised to] avoid new development on coastal land 
that is less than one meter above present high tide, as well as within high-risk 
areas such as floodplains’. (ibid, 115)  
This indicates that those populations that reside currently with in 100 year flood plains 
are at an even greater risk due to climate change and the potential changes and 
intensifications of the flood designations. This presents a far greater risk to an 
environmental justice population as their ability to move from their current residence is 
a limited proposition. As Fothergill, et al., state, ”Cultural ignorance, ethnic insensitivity, 
racial isolation, and racial bias in housing, information dissemination, and relief 
assistance “ (Fothergill, Maestas et al. 1999, 159) are some of the factors that impact 
ethnic minority communities in disaster areas, both during and after the events. “This 
leads to racial/ethnic discrimination in how people are handled before, during, and after 
a disaster, quite apart from issues of poverty alone producing the inequalities 
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experienced.” (Maantay and Maroko 2008, 116) This information demonstrates how it is 
important to look at how flooding and disasters in general factor into environmental 
justice and the intensity with which it exists within a study area. Within in the current 
environmental justice definition, flood plains and other negative natural events are not 
factored in. This is an area where the environmental justice can be expanded through 
future development, in conjunction with the official release of the update FEMA flood 
maps. 
Vulnerability to environmental injustice depends on many factors and those 
factors have a tendency to come in bunches. However, vulnerability factors need to be 
evaluated separately, as they may or may not overlap.  Maantay and Maroko continue: 
It is important to note that minority status, economic disadvantage, and weak 
social support structures are not necessarily synonymous, and in fact it is 
possible to be economically disadvantaged and have strong social support 
structure, which could result in reduced vulnerability to hazards when 
compared with analogous subpopulations lacking in strong social support 
structures.(ibid, 112)  
While this is important to note, populations that have strong social support structures 
can still be disadvantaged and should not be excluded from environmental justice 
populations just because they may have support systems present in their communities. 
The aspect of social support is an area that is not factored into the index as is it not an 
easily quantifiable social area.  
How to measure the impact of hazardous sites is an important question as stated 
by Williams,  
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Can burdens be discerned from proximity to a hazardous site? Such entails a 
proximity-based assessment. Or can burdens be ascertained in the risks 
associated with a noxious facility? Such a risk-based assessment typically has 
focused on deleterious health effects. Proximity and risk both provide the 
means by which to assess inequity, because each highlights a particular way that 
the burdens borne by the impacted population group can be determined. 
(Williams 1999, 316) 
Hazardous sites exist throughout the country and within any proposed study area. What 
communities these sites exist within is important to understand, and how they affect 
the makeup of the surrounding population an area of interest.  A solid environmental 
justice index should explore this analysis, with future indexes providing a base upon 
which future answers can to this question can be determined. 
a. Significance 
 Hazard impact on local communities 
o Needs to cause physical harm to those within environment 
 Types of damage differ with types of hazards 
 Use base threshold of 25% less than study area average 
 Types of hazards 
o Range of impact 
 
C. Methods 
 Within the fall 2011 studio the basis for this index was developed off of 
requirements put forth by the Pioneer Valley Planning Commission. The index was 
developed by a team of students looking to determine the best approach by which 
community’s environmental justice populations can be evaluated in comparison to one 
another. The development team was supported by students researching environmental 
justice and determining what attributes should be included in the model. Hamden and 
Hampshire counties were used as the study area for the model, providing a well known 
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area upon which the strengths and weakness of the model could be tested and 
understood. The final product of the fall 2011 studio included the attributes, Median 
Household Income, Limited English Proficiency and People of Color. This product was 
the precursor to Level 1 of the Index. 
 The final result from the fall 2011 studio was the foundation upon which this 
research has been constructed. Where the studio left off was supporting the attribute 
decisions with scholarly research. In this void through the use of the University of 
Massachusetts library system, Google scholar, and the libraries at Columbia University I 
was able to construct a literature review that provides support, reason and depth to the 
methods implemented by the index. Through the literature review ways to improve the 
model were identified, with the model created in studio being expanded to include the 
attribute to educational attainment, and an additional level being created to 
incorporate spatial data of hazard sites throughout the study area. 
 The subsequent preliminary model was constructed and implemented using the 
state of Massachusetts as the study area. This large study area was used as it provided a 
wide range of communities that demonstrate the strengths and weaknesses of the 
model. The first run of the model indicated that there were errors in the data joining 
methods, which were subsequently identified and corrected within Microsoft Excel. As 
more testing of the model was conducted minor adjustments were made to the display 
of data and the implementation of the buffers. The testing of the model on such a large 
area allowed for a better understanding of how it performs in urban, suburban and rural 
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landscapes. After the model had been through multiple test runs, the results of level 
one were compared to the siting of hazards throughout the state of Massachusetts. 
Liner regressions were run to test how the communities identified to contain vulnerable 
populations correlated with the locations of hazard sites.  
 Once the model had been thoroughly vetted, case study sites were chosen that 
would allow for a demonstration of other uses of the index. Sites in Salem and 
Springfield Massachusetts were chosen as they presented situations where an 
understanding of the surrounding communities’ environmental justice standing would 
be beneficial to the overall decision making.  The implementation of the model on these 
cases studies provided another context with which to view the index and how it can be 
used in a variety of ways as an important decision making tool. 
1. Model 
This environmental justice index is designed to locate areas of environmental in-
justice throughout the study area it is applied to. The index is constructed to be 
applicable in multiple levels allowing for ease of application. With the goal to create a 
model that can be applied across any study area the data required for level one can be 
obtained from the United States Census. Ease of use is an important factor of this index 
and as such a basic understanding of Microsoft Excel will allow for the requisite analysis 
to be completed, a spatial element to the level is possible for those who are skilled in 
the necessary software, but this aspect of the level is optional. 
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 Level two of the index introduces a mandatory spatial component to the model. 
This level moves past working solely with socio-economic data and introduces hazards 
and their spatial siting into the equation. Through the completion of both levels on a 
study area an understanding of how vulnerable the population is to environmental in-
justice is possible. The model is designed to identify the degree to which communities 
(towns, census tracts, block groups, groups) (Figure 2) are vulnerable to environmental 
justice, through understanding what populations reside there and the spatial location of 
hazards within the study area. 
 The model is designed to be applicable by those with limited technological skills; 
this desire has lead to an index that uses basic formulas and approaches. As you move 
further into the index and its application the skill level required of the user does 
increase, as level two of the model does require knowledge of ESRI ArcMap . This index 
has two goals; one is to create a model that can provide a focusing lens upon which 
future research can be conducted, the second is to create a model that will allow for a 
siting analysis to be run prior to the construction of a hazardous site within a region. 
a. Level 1 
i. Vulnerable Populations 
Within level one of the index four socioeconomic attributes have been identified 
as key to the determination of vulnerable populations. These attributes are Median 
Household Income, % People of Color, Limited English Proficiency and Educational 
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Attainment less than High School Degree/or Equivalent. The data for all the attributes is 
available at the block group level from the American Community Survey. 
The use of Median Household Income is designed to identify block groups that 
have an average value that is 25% or less of the average median household income of 
study area. The use of median household as an attribute for determining environmental 
justice populations has been supported by Su et, al.,”… despite changing variable sets 
and model fit, the most consistent and robust covariate of NO2 was median household 
income (inverse relations). This variable provides an accurate representation of the 
wealth and assets holdings of typical households.”(Su Morello-Frosch et al. 2009, 606) 
These findings support work done by Evans and Marcynyszyn (2004), Blodgett (2006), 
Porter and Tarrant (2001) and Faber and Krieg (2002), their works were all able to link 
median household income as a marker of environmental justice populations. Another 
work by Evens and Kantrowitz summarized their findings by stating, “Income is often 
directly related to environmental quality, especially when low-income samples are 
contrasted with samples that are not poor.” (Evans and Kantrowitz 2002, 23) These 
works provide strong support for the inclusion of Median Household Income within level 
one of Environmental Justice. 
Percent People of Color is designed to encompass all populations that are not 
white; this category also includes people of Hispanic dissent. Block groups that have a 
percent of 25% or greater are considered to be a vulnerable population. This value is 
taken from use within (MassGIS) The use of this variable is supported by the works of 
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Evens and Kantrowitz (2002), Faber and Krieg (2002) and Blodgett (2006). As Faber and 
Krieg explain: 
… high-minority communities face a cumulative exposure rate to 
environmentally hazardous facilities and sites that is nearly nine times greater 
than that for low minority communities. In fact, there is a consistently sharp 
increase in the cumulative exposure rates to these hazardous facilities/sites that 
directly corresponds to increase in the size of the minority population in all 
communities. Without question, communities of color appear to be greatly 
overburdened in comparison with low-minority communities and are unequally 
exposed to environmental hazards of almost every kind. (Faber and Krieg 2002, 
286)  
Evens and Kantrowitz eco what was said by Faber and Krieg that, “… ethnic 
minority individuals, were much more likely to be exposed to toxic wastes and other 
forms of health-threatening environmental conditions relative to their more affluent 
and white fellow citizens.” (Evans and Kantrowitz 2002, 3) It is apparent that 
populations of color are extremely vulnerable to the siting of hazardous sites in and 
near their communities. This has been demonstrated through the body of research 
conducted on the matter. 
The attribute Limited English Proficiency is included within the model as it covers 
a proportion of the population that exists within a country that while lacking an official 
language is dominated by the English language. These populations are at a disadvantage 
when attempting basic tasks such as shopping, or attending public participation events. 
Block groups where the percent of the population is equal to or greater than the 
average of the study area is considered to contain a vulnerable population. The 
selection of this attribute builds off of the research of Hunter (2000), Lott (2002) and 
Stewart, Schneiderman et al. (2001). Hunter uncovers, “… those counties with larger 
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numbers of proximate environmental risks (especially hazardous waste and proposed 
NPLs) tend to have higher proportions of linguistically isolate households, regardless of 
the percentage of non-English-speaking households in that county.”(Hunter 2000, 475-
76) Stewart et al. find that, non-English speakers were more likely than not to live near 
TRI [Toxic Release Inventory] sites in Queens, New York. (Stewart, Schneiderman et al. 
2001, 5) Lott (2002) looks beyond the challenges of linguistic isolation, and limited 
English proficiency, to discuss how even those speaking English can be isolated from 
other English speakers based solely on their financial standing, “’White trash’ live in 
trailer parks, whereas middle-class folks live in mobile homes communities; the urban 
poor live in housing projects, whereas the nonpoor live in high-rise apartments!”(Lott 
2002, 105) This statement by Lott demonstrates the importance and power of knowing 
both English and your financial standing. To apply a racial stereotype for a minute, if we 
change the language the urban poor speak from English to Spanish, we are looking at a 
population that does not only live in ‘housing projects’ but now also lives within the 
ghetto. Lott’s statement moves beyond the language spoken, and identifies with the 
plight of the underrepresented populations, both non-English speakers and native 
English speakers. 
The degree to which a person is educated affects a great deal about that person. 
It can control how they think, the ways in which the see the world, what doors are open 
to them, and how they are treated by others (both by individuals and the 
government/corporations) The lowest possible education level of education as 
determined by the USCensus is for people who have obtained less than a High school 
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Diploma or equivalent. These populations have been shown to be vulnerable by the 
research conducted by Barzyk, White et al.(2010), Bolte, Pauli et al. (2010) and Maantay 
(2007). The research conduted by Bolte, Pauli et al. clearly lays out the impact of limited 
educational attainment, “In particular, low education seemed to be a consistent 
indicator of vulnerability to air pollution and effects.”(Bolte, Pauli et al. 2010, 465) 
Barzyk, White et al.’s work describes the correlation between the level of educational 
attainment and environmental justice communities,  
For the educational attainment indicator, the bar chart displays the percent 
population 25 years and older without a high school diploma … . Each of the 
three communities [30th Street Industrial Corridor in Milwaukee, Wisconsin, 
Altgeld Gardens and Philip Murry Homes, a public housing development in 
Chicago, Illinois and the Westside Community of Port Arthur, Texas] has the 
highest percentage of residents without a high school diploma. (Barzyk, White 
et al. 2010, 176) 
It is telling that those who have the least amount of education are situated in the 
highest concentrations around these hazardous sites. Receiving at minimum a High 
School Diploma or equivalent is of clear importance, as the higher educational 
attainment a person has the less likely they are to reside in the vicinity of hazardous 
sites. 
The four socioeconomic attributes have been identified as key to the 
determination of vulnerable populations within the index. These attributes are Median 
Household Income, % People of Color, Limited English Proficiency and Educational 
Attainment less than High School Degree/or Equivalent. By using these attributes in 
level one of the index, identification of vulnerable populations can be achieved. 
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ii. System 
 Level one of the index looks at the typical socio-economic characteristics of the 
historically vulnerable populations. The population traits identified were: Median 
Household Income, Limited English Proficiency, People of Color and Educational 
Attainment. Through the combination of these attributes and their varying degrees of 
severity score for each “community”, an accurate measure for locating areas of 
environmental justice can be created. For this run of the model, data from the 2009 5 
year American Communities Survey was used. 
 Census block groups have been chosen to represent communities for this run of 
the model. This decision does not limit the application of the index to only block groups. 
The method is not tied to any exact size of community; the model is capable of being 
applied at any level upon which the data is available. Block group data was chosen as it 
allows for small data segments to not be obscured by a census tract’s large population 
extent. The issue of margin of error was not addressed within this model. Through the 
use of the data provided via the 2009 5 year data set provided by the American 
Community Survey, the values are estimates and include a degree of margin of error. 
This error is acknowledged by the U.S. Census and as such they suppress tables that 
they deem statistically unreliable (Blodgett 2009). This suppression allows for the model 
to acknowledge the potential margin of issue within the data, but use the data without 
needing to make any adjustments to any data obtained from the U.S. Census.   
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For each socio-economic attribute a single threshold for determining whether or 
not a community qualifies as an environmental justice community was seen as an 
approach that was lacking depth, as it does not suggest the severity of the problems the 
community encounters. To determine the overall environmental justice of the attribute 
each community would receive two separate but related values. These values fall into 
the categories of Environmental Justice Indicator (EJI) and Social Vulnerability Value 
(SVV). The EJI is a 0/1 value, which suggests whether the community experiences a base 
threshold of injustice on that particular indicator.  Then the SVV provides a weighting 
system to indicate the severity of the problem.  The SVV carries a value of 0, 1, 2, or 3.  
The formula for level one of the method demonstrates how the Environmental 
Justice Indicator and Social Vulnerability Value exist independently of one another and 
subsequently come together to form the Social Vulnerability (Figure 3): 
        
 
   
 
Where   is a zero or a one for each 
indicator (a). 
        
 
   
 
Where   is a zero to three measure of 
intensity of each of the four indicators 
(a). 
                 
a = Attributes  b = Block Group 
The two scores are multiplied together to determine the Social Vulnerability (SV) 
for the community and complete level one of the model.  This formula allows for depth 
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to be added to the valuation of the attribute within the community by separating the EJI 
and SVV values till all the attributes have been totaled. This allows for an SVV 
community score to accumulate varying levels of severity across the attributes 
independent from how many times the community registers as an environmental justice 
area. The independence of the EJI value while not indicating the severity of each 
attribute provides importance to the amount of attributes registering as environmental 
justice within the community, quantifying an important multiplier to the SVV during the 
final function run to determine the SV.  
iii. Sample Communities 
A hypothetical block group exists within a suburban environment; we will call 
this block group Community X. Community X has large percent of the population 
identifying as People of Color (POC), qualifying within the highest threshold. A minimal 
percent of the population registers as Limited English Proficiency (LEP), scoring below 
the base threshold. The communities Median Household Income (MHI) value qualifying 
as slightly below average for the study area placing above the minimum threshold. The 
percent of the population who has a high school diploma or equivalent (EA) falls into the 
first threshold. 
Community X would receive the following scores for each attribute: 
Social Vulnerability Value(SVV) 
 POC Value = 3 
 LEP Value = 0 
 MHI Value = 0 
 EA Value = 1 
 
Environmental Justice Indicator(EJI) 
 POC Value = 1 
 LEP Value =0 
 MEI Value = 0 
 EA Value = 1 
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This leads values for the Social Vulnerability Value and The Environmental Justice 
Indicator get placed within the formulas explained above. These values are combined to 
create the Social Vulnerability for Community X. 
                              
            
A second hypothetical block group exists within an urban environment; we will 
call this block group Community Y. Community Y has large percent of the population 
identifying as People of Color (POC), qualifying within the highest threshold. A high 
percent of the population registers as Limited English Proficiency (LEP), scoring within 
the highest threshold. The communities Median Household Income (MHI) value 
qualifying as significantly below average for the study area placing below the maximum 
threshold. The percent of the population who has a high school diploma or equivalent 
(EA) falls into the last threshold. 
Community Y would receive the following scores for each attribute: 
Social Vulnerability Value (SVV) 
 POC Value = 3 
 LEP Value = 3 
 MHI Value = 3 
 EA Value = 3 
Environmental Justice Indicator (EJI) 
 POC Value = 1 
 LEP Value =1 
 MEI Value = 1 
 EA Value = 1 
This leads values for the Social Vulnerability Value and The Environmental Justice 
Indicator get placed within the formulas explained above. These values are combined to 
create the Social Vulnerability for Community Y. 
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A third hypothetical block group exists within an rural environment; we will call 
this block group Community Z. Community Z has a small percent of the population 
identifying as People of Color (POC), not qualifying for any threshold. A low percent of 
the population registers as Limited English Proficiency (LEP), scoring within no threshold. 
The communities Median Household Income (MHI) value qualifying as significantly 
above average for the study area placing above the base threshold. The percent of the 
population who has a high school diploma or equivalent (EA) falls into the first 
threshold. 
Community Z would receive the following scores for each attribute: 
Social Vulnerability Value (SVV) 
 POC Value = 0 
 LEP Value = 0 
 MHI Value = 0 
 EA Value = 1 
Environmental Justice Indicator (EJI) 
 POC Value = 0 
 LEP Value =0 
 MEI Value = 0 
 EA Value = 1 
This leads values for the Social Vulnerability Value and The Environmental Justice 
Indicator get placed within the formulas explained above. These values are combined to 
create the Social Vulnerability for Community Z. 
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Community X, Community Y and Community Z represent three different areas 
within a study area. While according to the index Community X has a moderate degree 
of vulnerable populations. Community Y qualifies with very little vulnerable populations. 
Community Z registers at the high end of each category leading to it achieving the 
maximum value possible within this run of the model. For this model the Social 
Vulnerability’s can range from 0 (no vulnerable populations) to 48 (extreme vulnerable 
populations). 
iv. SV Attributes  
The data set for Median Household Income (MHI) details how the community 
stands economically in comparison to the entire study area. Within the State of 
Massachusetts at the block group level the average MHI is $69,171.66. The 
environmental justice threshold for the attribute was set at a value that was 25% below 
the average, which equaled $51,878.74. With this value being set as the threshold for 
environmental justice any community that has a lower MHI received a value of 1 in EJI 
(Figure 4). The thresholds for the determination for SVV were set at 25%, 50% and 75% 
below the average MHI, equaling $51,878.74, $34,585.83 and $17,292.91 (Table 1). 
These values represent the monetary value between which the SVV severity values are 
assigned, with any community falling between $51,878.74 and $34,585.83 receiving a 
value of 1, $34,585.83 and $17,292.91 receiving a value of 2, and any value below 
$17,292.91 receiving a value of 3 (Figure 5). 
31 
 
Limited English Proficiency (LEP) examines the households throughout 
Massachusetts and how many maintain that they speak English “not well” or “not at 
all”.  Once each block group was tabulated the average percent of the population for 
Massachusetts was determined to be 4.6%. This value was set as the threshold for 
environmental Justice any community that has a higher LEP received a value of 1 in EJI 
(Figure 6). The thresholds for the determination for SVV were set at the state average, 
two times the state average and three times the state average LEP, equaling 4.6%, 9.2% 
and 13.8% (Table 2). These values represent the percents of the population between 
which the SVV severity values are assigned, with any community falling between 4.6 
%and 9.2% receiving a value of 1, 9.2% and 13.8% receiving a value of 2, and any value 
above 13.8% receiving a value of 3 (Figure 7). 
The attribute of People of Color (POC) combines all those who do not identify as 
white, creating a population by which a percentage can be determined. The value 
determined as the threshold for POC was 25% of the population, this value was set as 
the threshold for environmental Justice any community that has a higher POC received a 
value of 1 in EJI (Figure 8). The thresholds for the determination for SVV were set at the 
25%, two times the threshold and three times the threshold, equaling 25%, 50% and 
75% (Table 3). These values represent the percents of the population between which 
the SVV severity values are assigned, with any community falling between 25 % and 50% 
receiving a value of 1, 50% and 75% receiving a value of 2, and any value above 75% 
receiving a value of 3 (Figure 9). 
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The level of Educational Attainment (EA) is the final attribute that is incorporated 
into the model. The EA level of interest was set at people who have attained less than a 
high school degree or its equivalent. The average percent of the population without a 
high school degree or its equivalent for Massachusetts was determined to be 12.54%. 
This value was set as the threshold for environmental justice any community that has a 
higher EA received a value of 1 in EJI (Figure 10). The thresholds for the determination 
for SVV were set at the state average, two times the state average and three times the 
state average EA, equaling 12.54%, 25.07% and 37.61% (Table 4). These values 
represent the percents of the population between which the SVV severity values are 
assigned, with any community falling between 12.54% and 25.07% receiving a value of 
1, 25.07% and 37.61% receiving a value of 2, and any value above 37.61% receiving a 
value of 3 (Figure 11). 
The spatial component of level one analysis is optional but provides strong 
assistance when analyzing the data, allowing for numbers to be matched with a 
geographic community, enabling spatial patterns to be observed. The data is linked with 
census block group polygons obtained from MassGIS. Each block group is coded with a 
12 digit BGID number, this value allows for identification between attribute data sheets, 
and provides a physical address for the polygons it represents within a GIS system.  How 
the results are displayed are reliant on how the users believes the data can be best 
viewed to convey their point.  
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b. Level 2 
 A method that identifies environmental justice communities must move beyond 
solely socio-economic data, incorporating the distribution of hazardous sites into the 
model to accurately detect these environmental justice populations. The data used to 
identify the hazards within the method was obtained from MassGIS. The data layer 
provided contains seven different hazard categories (Large Quantity Generators of 
Hazardous Waste(LQG), Large Quantity Toxic Users(LQTU), Hazardous Waste 
Recyclers(HWR), Hazardous Waste Treatment, Storage and/or Disposal Facilities(TSDF), 
Facilities with Air Operating Permits(AIR), Facilities with Type II Groundwater Discharge 
Permits(GWD), Facilities with Type II Surface Water Discharge Permits(SWD)).(MassGIS 
2012)  Of these categories I have made the decision to combine the hazardous waste 
facilities and toxic waste facilities, as well as combining the two water categories into a 
single category, this leaves me with a total of three categories Hazardous Waste Sites, 
Air Permit Sites, and Water Discharge Sites (Table 5). 
i. Hazard Classification  
 Any approach to incorporating the location of the hazards into the scoring 
methodology has been developed within the model. The approach looks to place a three 
ring buffer around each hazard applying a different weighted value that decreases as 
you move outward from the hazard site. The incorporation of buffer zones is a method 
that has been used in multiple studies of environmental hazards in previous research, 
Glickman (1994), Glickman and Hersh (1995) and Sheppard Leitner et al., (1999). The 
reasoning behind this is explained by Maantay, “The buffer zones are intended to act as 
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surrogates for the areas of impact and are usually established as circles with a radius of 
one-half mile or 1 mile, or other appropriate distance, from the noxious land 
use.”(Maantay 2002, 164) The use of multiple buffer zones allows for areas closer to the 
hazard to be valued as such, indicating greater impact possibilities than areas further 
away from the hazard.  
 With the use of buffers it is important to note why a certain buffer type was 
selected, the distance at which the buffers are set, and how the intersection of multiple 
buffers from separate sites are handled is of extreme importance. This is detailed by 
Sheppard, Leitner et al., 
Results of environmental equity analysis are also sensitive to the shape and size 
of buffers, and the method used to delineate the buffer…. For example 
Chakraborty and Armstrgon (1997, p. 145), using 1990 block group census data 
and 1994 TRI data for De Moines, Iowa, found that in comparison to circular 
buffer analysis, plume buffer analysis shows a higher proportion of racial 
minorities and individuals below the poverty line residing within the buffer 
areas surrounding TRI locations. (Sheppard, Leitner et al. 1999, 20) 
With requisite attention being paid to the impact of both buffer shape and 
radius, ease of use and accessibility must also be taken into account. The method 
developed within this thesis is designed to be applicable across a wide spectrum of 
regions, for this goal to be achieved the requisite data must be available. This need 
encourages the use of circular buffer analysis to be incorporated, as they are able to be 
applied simply to point data, where much more knowledge is needed to apply plume 
buffers. With the use of circular buffers great care must be used in developing the 
distances applied to each hazard category. 
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Applying different buffer distances to the different hazard types is an important 
aspect of the developed index. It is important to understand that toxic waste has 
different diffusion possibilities than water discharge hazards. Understanding this need 
facilitates the application of varying distance values for each hazard category. 
“Differences in findings also arise from different measurements of potential exposure. 
Most environmental equity studies treat the simple existence of a hazardous site as a 
surrogate for potential exposure; ignoring important differences in the toxicity of 
chemicals and the spatial diffusion of toxic releases” (ibid, 20)  
Air permit sites are a common category within the data set obtained from 
MassGIS. Understanding how these sites can affect the surrounding environment is an 
important task, this index represents the impact through the use of a three ring 
curricular buffer around each hazard. The buffers three rings are established at 
distances of 1000 feet, 2000 feet and 3000 feet, based off of data produced by the 
California Environmental Protection Agency, “Both the ARB Barrio Logan monitoring 
results and ARB’s 2003 modeling analysis suggests that the localized emissions impact of 
a chrome plater diminishes significantly at 300 feet…. Given these limitations in the 
analysis, we recommend a separation of 1,000 feet as a precautionary measure.”(CEPA 
2005, 48) This research was conducted on chrome plater plants, providing solid research 
on the localized reach of the distance dispersal of air pollutants. By taking these results 
into account and advising an initial distance of 1000’ this distance can be used as a the 
base distance from which the air permit site buffers can constructed off of. 
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The application for hazardous waste permit on a site indicates areas that handle, 
emit, or dispose of hazardous waste in one manor or another. These sites can be 
extremely dangerous to their local environment and those that reside within them, as 
has been demonstrated in the past by the Love Canal incident in the state of New York. 
(Worthley 1981) The distances of the three ring buffer is supported by the research of 
Pastor, Sadd, et al., “Circular buffers were used to capture TIGER 2000 Census tracts 
with boundaries falling within one-half mile, one mile and two and a half miles of a 
facility” (Pastor, Sadd et al. 2004, 423) Looking at the distance values used within their 
research an adjustment has to be made to correspond with the design of the model. 
Each buffer ring should have the same proportional extent as the others; this 
proportional need creates a three ring buffer of one-half mile, three quarter of a mile 
and one mile around each site. The need to restrain the buffer extent beyond 1 mile is 
due to the “small size of urban tracts … in general, the radii of urban tracts can be as 
small as one-quarter mile or less.”(Mohai 1995 ,12) This fact means that large buffer 
values can inundate numerous block groups in metropolitan areas such as Boston or 
Worcester. 
The third hazard site represents a unique type of instillation. By having water 
discharge permits (ground and surface) these sites are of greater threat to water wells, 
as well as community ground water sources, groundwater charging areas, surface water 
intakes, and other areas that are related to a communities drinking water. These sites by 
means of being capable to affect the drinking water have the potential to directly 
impact the greatest amount of people. To understand how these sites can affect their 
37 
 
communities, this hazard will impact the study area not based upon how it interacts 
with the directly surrounding block groups, but instead if its buffers intersect any 
drinking water sources. The three ring buffer is replaced by a singular buffer based off 
distances set by the Massachusetts Department of Environmental Protection, “…DEP 
has adopted the interim Wellhead Protection Area (IWPA) as the primary, protected 
recharge area for PWS ground water sources….The minimum IWPA radius is 400 feet, 
the maximum (default) radius reached at 100,000 GPD is 2,640 feet (1/2 mile).” 
(MassGIS)Within the Index a distance of 2,640 feet has been adapted as the base of the 
buffer. Any wellhead contamination by a site within the buffer will apply an extended 
radius of impact. 
ii. System 
 Level two accounts for hazardous sites throughout the study area; the final 
output from level two is the Environmental Injustice (EI) which combines the Social 
Vulnerability (SV) Environmental Hazard value (EH) together. Within the study area all of 
the hazardous waste sites are located via a layer provided by MassGIS. This layer is 
organized into three different types of hazardous polluters: Air Permit hazards, Water 
Discharge hazards, Hazardous Waste hazards. Of these categories air and hazardous 
waste hazards are evaluated in reference to the communities they are located in and 
around, while water discharge hazards are evaluated in relation to wellheads.  In 
instances where a site qualifies as both an air permit hazard and a hazardous waste 
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hazards, the category that has the highest distance values is chosen as that has the 
greatest impact upon the surrounding communities. 
The basis for determining the impact of a single hazardous site relies on the use 
of spatial circular buffers set around the designated hazardous sites. For both air and 
hazardous waste sites, a three ring buffer is implemented. These buffers are set at 
designated distances to apply a value of 1 for the small buffer, .75 for the medium 
buffer and .5 for the large buffer to the community that falls within each buffer. This 
system is based upon the principle that the greater distance you place between yourself 
and a hazard, they less impact you are likely to experience.   
  The application of the three ring buffer system was done using ESRI ArcMap 10, 
using the buffer tool. Through this tool three buffers were assigned to extent to 
predetermined distances, and the values assigned to each buffer are applied to each 
block group. Once the values are assigned the data is analyzed to determine the 
minimum extent of each buffer and to apply the correct value. Determining which value 
should be assigned to the community relies on the following formulas: 
  = # of small buffers intersecting block group. 
  = # of medium buffers minus # of small buffers intersecting block group. 
  = # of large buffers minus # of medium buffers intersecting block group. 
F =                           
F = Facilities 
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The formulas allow for a block group to register the correct amount of hazard 
impact, with decreasing impact the further one moves away from the hazard site. This 
enables us to evaluate how the hazard effects not just the community that it resides 
within, but also the surrounding communities at varying distances depending upon 
which type of hazard is being evaluated.  
iii. Hazard Buffers 
The three ring buffer hazards are Air Permits and Hazardous waste sites. These 
sites have multiple sites in common with any shared sites being counted as hazardous 
waste sites. For Hazardous waste sites, the three buffers are set at distances of 804 
meters, 1207 meters, and 1609 meters (Table 6, Figure 12). These distances lead to a 
value of 1 being assigned to any communities that falls 804 meters of a site, a value of 
.75 to communities that falls within 1207 meters of a mile and a value of .5 to any 
communities within 1609 meters of a hazardous site (Figure 13).  Air permit sites have 
three buffers set at distances of a 305 meters, 610 meters, and 915 meters (Table 7, 
Figure 14). These distances lead to a value of 1 being assigned to any communities that 
falls within 305 meters of a site, a value of .75 to communities that falls within 610 
meters and a value of .5 to any communities within 915 meters of a hazardous site 
(Figure 15).   
 A different approach was used to measure water discharge hazards as the 
impacts to the surrounding region is reliant on the hazards exposure to the public 
drinking water supply.  Instead of a three ring buffer approach to measuring the impact 
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of the water hazards, the method approaches the issue by creating a single buffer of 
804.6 meters. This buffer is not directly applied to the communities’ surround the 
hazard, the buffer is overlayed to a wellhead dataset provided by MassGIS (Figure 16). If 
the water hazard buffer intersects with any wellheads in the communities a value of 1 is 
assigned not just to the block group the wellhead resides within, but to every block 
group residing within the block group’s town as determined by a layer obtained by 
MassGIS. The town’s impact value is equal to the amount of wellhead affected (Figure 
17).  This process is demonstrated in the following formula; 
  = # of intersected wellheads in the block groups towns. 
D = Drinking water 
This formula allows for the impact of an affected wellhead to be felt beyond the 
community which the water discharge hazard exists within. When a water source is 
polluted the potential for dispersion is great within not only the impacted block group 
but the larger surrounding region as well. 
 Once each hazard category has had its impact on the study area assessed the 
values need to be combined to determine the overall EH and subsequent Environmental 
Hazard Score (EHS) for each block group. To create the EH value requires the following 
formula; 
        
         
          
41 
 
The formula combines the hazard scores of each hazard category cumulating in a 
single value representing the EH (Figure 18). After the EH has been generated to receive 
the model output the following formula must be run: 
                  
This formula represents the culmination of the model. There is no limit to the 
values possible as the amount of hazards is not a controlled variable. Spatially displaying 
the data is not required, how the final output is treated is based upon what the users 
believes is best. From a spatial standpoint it is advisable to use quantities to control the 
number of values visible on any created map.  
iv. Sample Communities 
Returning to the hypothetical block group Community X has received an SV score 
of 8. Community X is now going to have burden placed on it via hazard site impacts. For 
air hazard permits the block group has 3 sites with the smallest buffer intersecting the 
community, 3 middle buffers intersecting the block group, and 5 large buffers 
intersecting the community. Examining the impact of Hazardous waste sites shows that 
4 sites with their smallest buffer rings intersect the community, 8 middle buffers 
intersecting the block group, and 8 large buffers intersecting the community. The 
community does not register a water discharge wellhead intersection, nor does its town. 
Community X would receive the following hazard intersections for hazard type: 
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Air Permit 
 Small Buffer = 3 
 Medium Buffer = 3 
 Larger Buffer = 5 
Hazardous Waste Permit 
 Small Buffer = 0 
 Medium Buffer = 4 
 Larger Buffer = 8 
 
Water Discharge Permit 
 Buffer = 0 
 Town = 0 
These hazard values are then placed within a formula to determine how the distance 
scores the community should receive.
Air Permit 
       
             
             
                        
Hazardous Waste Permit 
       
             
             
                        
 
Water Discharge Permit 
             
Once the buffer breakdown has been determined the block groups impact from each 
hazard category needs to be combined to determine Community X’s EH score. 
                      
The hypothetical block group Community Y has received an SV score of 48. 
Community Y is now going to have burden placed on it via hazard site impacts. For air 
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hazard permits the block group has 8 sites with the smallest buffer intersecting the 
community, 9 middle buffers intersecting the block group, and 12 large buffers 
intersecting the community. Examining the impact of Hazardous waste sites shows that 
9 sites with their smallest buffer rings intersect the community, 9 middle buffers 
intersecting the block group, and 9 large buffers intersecting the community. The 
community also registers 1 water discharge wellhead intersection within the block 
group; this intersection is 1 of 2 wellhead intersections within the town that the block 
group exists within. 
Community Y would receive the following hazard intersections for hazard type: 
Air Permit 
 Small Buffer = 8 
 Medium Buffer = 9 
 Larger Buffer = 12 
Hazardous Waste Permit 
 Small Buffer = 9 
 Medium Buffer = 9 
 Larger Buffer = 9 
 
Water Discharge Permit 
 Buffer = 1 
 Town = 1 
These hazard values are then placed within a formula to determine how the distance 
scores the community should receive. 
Air Permit 
       
             
              
                     
       
Hazardous Waste Permit 
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Water Discharge Permit 
             
Once it has been determined the block groups hazard impact from each category of 
hazard the values need to be combined to determine Community Y’s EH score. 
                          
The hypothetical block group Community Z has received an SV score of 1. 
Community Z is now going to have burden placed on it via hazard site impacts. For air 
hazard permits the block group has 0 sites with the smallest buffer intersecting the 
community, 0 middle buffers intersecting the block group, and 0 large buffers 
intersecting the community. Examining the impact of Hazardous waste sites shows that 
0 sites with their smallest buffer rings intersect the community, 0 middle buffers 
intersecting the block group, and 0 large buffers intersecting the community. The 
community registers 0 water discharge wellhead intersection within the block group, 
the town does have 3 intersection wellhead intersections within the town that the block 
group exists within. 
Community Z would receive the following hazard intersections for hazard type: 
Air Permit 
 Small Buffer = 0 
 Medium Buffer = 0 
 Larger Buffer = 0 
Hazardous Waste Permit 
 Small Buffer = 0 
 Medium Buffer = 0 
 Larger Buffer = 0 
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Water Discharge Permit 
 Buffer = 0 
 Town = 3 
These hazard values are then placed within a formula to determine how the distance 
scores the community should receive. 
Air Permit 
       
             
             
                        
Hazardous Waste Permit 
       
             
             
                        
Water Discharge Permit 
             
Once it has been determined the block groups hazard impact from each category of 
hazard the values need to be combined to determine Community Y’s EH score. 
                  
Community X has an SV of 8 and a EH of 9, Community Y has an SV of 48 and a 
EH of 21.25 and Community Z has an SV of 1 and a EH of 3. These values require one 
more step to complete the model run: 
Community X: 
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Community Y: 
                    
Community Z: 
           
These hypothetical communities represent how the model runs with real values. 
The final Environmental Injustice Score demonstrates how the Social Vulnerability gets 
combined with the Environmental Hazard value. While there is a limit on the maximum 
value of the SV score, there is no maximum value for the EH value which means there is 
also no maximum value for the EI. With no maximum value to indicate the severity, it is 
required to view the highest value in the study area as the maximum.  
c. Output 
 The final output of the model is a numerical value that represents the severity of 
the environmental justice burden placed upon each community. The values are divided 
into five categories to indicate the degree to which a community is impacted. The five 
categories are Limited (which includes communities where there is no measurable 
environmental justice occurring), Minor, Moderate, High and Severe. These five levels 
allow for a categorical assessment of a communities environmental injustice, providing 
for a simple visualization of the environmental justice impact on the study area. Beyond 
the five categories of environmental justice impact, the data can be viewed at the value 
level to allow for a detailed understanding of the values when making planning decision. 
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 The score thresholds that determine the degree of environmental justice are set 
from 0 - 5 for the limited category. This category is the only category that is set when 
evaluating the environmental justice burden of a study area. For the subsequent 
categories the values between which the degree of impact is based upon the 
classifications set by ESRI ArcGIS via the Layer Properties -> Symbology -> Quantities -> 
Graduated Colors-> Classification “Natural Breaks (Jenks).” A “Natural Break (Jenk)” as 
described by Arc GIS 10 Help, “Natural Breaks classes are based on natural groupings 
inherent in the data. Class breaks are identified that best group similar values and that 
maximize the difference between classes. The features are divided into classes whose 
boundaries are set where there are relatively big differences in the data values.”(ESRI 
2011) The lack of a set scoring structure to determine the level of impact relates to the 
uniqueness of each study area, allowing for an analysis to understand environmental 
justice in relation solely to the study area and not a ranking key that was developed 
based upon a potentially dissimilar study area. This approach allows for the severity of 
impact to be based upon the variables present within the study area of interest. While 
this will make the valuations of each impact category different for each study area, 
when it is desired to compare between study areas it is necessary to use the higher 
impact category valuations. 
 The classification values result for the state of Massachusetts are: Limited Impact 
= 0 - 5, Minor Impact = 5 - 13.75, Moderate Impact = 13.75 - 26, High Impact = 26 - 40.75 
and Severe Impact = 40.75+ (Figure 19). 
48 
 
2. Regression Analysis 
 To analyze how level one of the developed model locates populations in relation 
to environmental hazards it is necessary to run a spatial regression of the results. This 
regression is designed to determine if there is any correlation between the attributes as 
well as the larger SVV and SV values and high concentrations of hazard sites. To achieve 
this analysis a mix of ArcGIS modules and Microsoft Excel functions are used. 
 The first step in this analysis is to understand the density of hazard sites 
throughout Massachusetts. With the need to only understand the density of the hazard 
sites and not the type of hazard they represent the analysis can be run using a binary 
approach with identified sites receiving a value of 1 to indicate that it is a hazard.  The 
use of the KERNAL DENSITY (Figure 20) module allowed for this analysis to be run, an 
output cell size of 30 was chosen due to the relatively small size of Massachusetts, the 
search radius was left at the default value which is “the default is the shortest of the 
width or height of the extent of the input features in the output spatial reference, 
divided by 30.”(ESRI 2011) The default value for the study area was 5897.49 rounded to 
the nearest tenth and the Area units were SQUARE_KILOMETERS. 
 Upon the running of the module a raster output is generated that identifies high 
and low concentrations of hazard siting. This output is then combined through the use 
of the ZONAL STATISTICS module with the respective SV values for the block groups 
throughout Massachusetts. With the use of ZONAL STATISTICS the maximum value from 
the KERNAL DENSITY was applied to the appropriate block groups to represent the 
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hazard siting density in that block group. This data is then exported to Microsoft Excel 
and a regression is run using the DATA TAB -> DATA ANALYSIS -> ANALYSIS TOOLS -> 
REGRESSION feature, within this regression run a confidence interval of 95% is selected. 
The hazard density is selected to be represented on the X-axis and the attributes and 
SV/SVV score is situated on the Y-axis. After the regression has been run a worksheet is 
created that contains the desired charts, and regression statistics. 
D. Findings 
1. Environmental Justice Locations in Massachusetts  
Within Massachusetts there are over 1,700 hazard sites, spread out across the 
state, with high concentrations existing in and around the urban centers. The sites 
represent areas where spending a prolonged period of time in close proximity can lead 
to negative health impacts on the local population. These sites in conjunction with 
vulnerable populations indicate areas of high environmental justice burden. These are 
areas that require special attention to improve their conditions and prevent the further 
siting of hazards within their vicinity. 
As the model output demonstrates, the final EHS values indicate high 
concentration of over-burdened populations located within the urban centers of 
Massachusetts, with the Boston, Worcester and Springfield metropolitan areas showing 
the highest values consistently. The areas of concentration follow the historical path of 
industry in the state, with the old mill towns of Lowell, Lawrence, Lynn and Haverhill 
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registering high severity of burden throughout their block groups (Figure 21). These 
values identify vulnerable populations that also are in the vicinity of hazard sites. 
This model is designed to determine the degree of burden placed upon a 
community; through the method presented this has been achieved. From the output 
tables and maps many different decisions can be made. The allocation of funds can be 
influenced by the difference in burden between different towns and cities, the 
additional burden of a hazard site can be weighed when examining many potential 
locations. This model is not designed to provide any answers; the goal of this model is to 
provide information that can influence important decisions related to environmental 
justice. Further research can be based within areas that have been determined to have 
high concentrations of environmental justice burden. The area of research still requires 
greater understanding so that vulnerable populations and the reasons behind their 
relation to Environmental Hazards can be better understood. 
2. Regression Analysis 
 The environmental justice index developed and run within this thesis is designed 
to locate communities that have a large proportion of the environmental justice burden 
within a designated study area. To correctly evaluate how vulnerable a population is, 
the index has developed a scaling of intensity method that is based upon thresholds 
determined by the study area. For this approach to be substantiated it is important to 
understand how the intensity of the socio-economic attributes, SV and SVV values relate 
to the density of hazard siting throughout the study area. Through the use of a linear 
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regression I have been able to determine that there is a correlation between the 
intensity of the values, (both the socio-economic attributes and Social Vulnerability 
Values (SVV) and scores (SV)) and the hazard density throughout the study area. 
a. Median Household Income 
 The attribute Median Household Income demonstrates an R-Squared of 5.9% 
(Table 8), with an X Variable (Median Household Income) Standard error of .0057(Table 
9). These values indicate a correlation between the density of hazards and the intensity 
of the socio-economic attribute. This correlation is supported by a best fit line of: Y = 
.1123x + .3263 (Figure 22). The increasing value of the line indicates that as the intensity 
of the attribute increases the likelihood of a higher density of hazards in or around the 
community is greater.  As this attribute represents one of four indicators of 
environmental justice vulnerability, these values indicate that through the use of 
intensity scaling we can better identify areas of higher environmental hazard burden. 
b. People of Color 
The attribute People of Color demonstrates an R-Squared of 11% (Table 10), 
with an X Variable (People of Color) Standard error of .0056 (Table 11). These values 
indicate a correlation between the density of hazards and the intensity of the socio-
economic attribute. This correlation is supported by a best fit line of: Y = .1363x + .3104 
(Figure 23). The increasing value of the line indicates that as the intensity of the 
attribute increases the likelihood of a higher density of hazards in or around the 
community is greater.  These values indicate that through the use of intensity scaling 
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within the attribute People of Color we can better identify areas of higher 
environmental hazard burden. 
c. Limited English Proficiency 
The attribute Limited English Proficiency demonstrates an R-Squared of 9.3% 
(Table 12), with an X Variable (Limited English Proficiency) Standard error of .0056 
(Table 13). These values indicate a correlation between the density of hazards and the 
intensity of the socio-economic attribute. This correlation is supported by a best fit line 
of: Y = .1136x + .3177 (Figure 24). The increasing value of the line indicates that as the 
intensity of the attribute increases the likelihood of a higher density of hazards in or 
around the community is greater. These values indicate that through the use of intensity 
scaling within the attribute Limited English Proficiency we can better identify areas of 
higher environmental hazard burden. 
d. Educational Attainment 
The attribute Educational Attainment demonstrates an R-Squared of 5% (Table 
14), with an X Variable (Limited English Proficiency) Standard error of .006 (Table 15). 
These values indicate a correlation between the density of hazards and the intensity of 
the socio-economic attribute. This correlation is supported by a best fit line of: Y = 
.0932x + .3274 (Figure 25). The increasing value of the line indicates that as the intensity 
of the attribute increases the likelihood of a higher density of hazards in or around the 
community is greater. These values indicate that through the use of intensity scaling 
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within the attribute Educational Attainment we can better identify areas of higher 
environmental hazard burden. 
e. Social Vulnerability 
 It has been determined that as the SV score increases the density of the hazard 
siting does as well. The regression outputs a best fit linear line of: y = .0105x + .3118 
(Figure 26). This best fit line coupled with the regression statistics and an R-Squared of 
10% (Table 16) with an X Variable (Social Vulnerability) Standard error of .0004 (Table 
17), demonstrates a correlation between the severity of the SV score and the density of 
hazard sites, with the larger SV scores existing in communities with a higher density of 
hazard sites.  
f. Social Vulnerability Value 
When a regression analysis was run on the SVV scores the best fit linear line was: 
y = .0426x + .2905 (Figure 27). The best fit line, along with the regression statistics and 
an R-Squared of 11% (Table 18)  with an X Variable (Social Vulnerability Value) Standard 
error of .0017 (Table 19), demonstrates a correlation between the higher SVV values 
and the density of hazards. These values support the implementation of an intensity 
scaling method when looking to better identify communities which are at risk of high 
levels of environmental in-justice. 
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g. Relationship 
These correlations demonstrate that through the use of value scaling when 
certain thresholds are reached, vulnerable populations can be better identified in 
relation to their location with hazard sites. This method advocates for this approach 
above a basic indicator that only demonstrates whether or not a community qualifies as 
environmental justice. Off the four attributes used within this run of the index People of 
Color demonstrates the highest correlation between high intensity values and a high 
density of hazard sties, Limited English Proficiency has the second highest correlation 
with Median Household Income and Educational attainment rounding out the four 
attributes. Even with certain attributes demonstrating a higher correlation, each 
attribute has a R-Squared of at least 5% indicating that the intensity scaling approach 
developed within level one of this index allows for better identification of in-justice 
environmental hazard situations. 
With the use of the socio-economic attributes separately and in conjunction to 
determine the Social Vulnerability Value and Social Vulnerability environmental in-
justice populations can be accurately identified. It has been shown that each of the four 
attributes on their own indicates vulnerable populations and through the implantation 
of intensity scaling a greater level of understanding can be achieved. Their use together 
along with the intensity value scaling of each attribute allows for a more accurate 
picture of vulnerable populations to be diagnosed via their socio-economic data. 
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CHAPTER II 
A PREDICTIVE MODEL FOR THE IMPACT OF HAZARD SITING ON A COMMUNITY 
A. Introduction 
The environmental justice index is engineered to be implemented as a predictive 
model, designed to evaluate the impact of hazardous siting within a community. This 
design allows for the model to provide more uses beyond determining where 
environmental justice populations are located. This aspect of the model positions it to 
function as a valuable planning tool when focused on the potential siting of a hazardous 
site, as well as when exploring the positive impact of shuttering a polluting site.  
When presented with the proposed construction of a site that could have 
detrimental impacts on the surrounding environment, both built and natural, the model 
allows for these impacts to be understood. This allows for better decisions to be made, 
potentially preventing over burdened communities from receiving another hazardous 
site. The need to understand that the impact of change can go two ways, while looking 
at potential effects from a new development is one direction, gaining knowledge on 
how the closing of a plant is knowledge that is just as valuable. Being able to make a 
decision to lessen the impact on a community that is heavily burdened by 
environmental justice impacts is an asset which this model can provide.  
 The use of case studies will demonstrate how the model is implemented, and the 
results that it generates. The first case study examined will be of the proposed siting of a 
new BioMass plant in East Springfield Massachusetts. This is a proposed facility that has 
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come under scrutiny from residents and activist. I will apply the model to analyze the 
impact upon the communities surrounding the proposed site, evaluating and updating 
the proposed sites impact on their Environmental Hazard score. The second case study 
will study the improvement of environmental justice for the communities around the 
coal burning power plant in Salem Massachusetts. This facility has been in line for 
closing for in the past, but is a process that has been postponed multiple times. 
B. Case Studies 
1. Springfield, Massachusetts 
 Springfield is a city that was founded in 1636 and has grown to be the third 
largest city within Massachusetts behind Worcester and Boston. After prosperous 
growth for most of the 19th century and the first half of the 20th century the city saw its 
fortunes decline begging with the closing of the Springfield armory. The city saw its 
upper and middle class populations flee to the suburbs, with a replacement population 
of lower class; mainly minority populations took up residence in the city. Coupled with 
this shift in demographics, the city entered a period of grave financial straits culminating 
with the city being placed under the control of the newly created Spring Field Finance 
Control Board. On June 30th, 2009 the board was disbanded and financial control was 
returned to the city (City of Springfield 2012). The city has a demographic makeup with 
a white majority, with 51.8% of the population stating they are white, 22.3% African 
American, 2.4% Asian and 38.8% of the population identifying as Hispanic or Latino. 
(Bureau 2012) 
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a. Proposed Biomass Plant 
The proposed BioMass Plant in Springfield is a project that is seen by the 
community as a potential life altering hazard. Opponents to the project believe that the 
plant will emit immense amounts of pollution into the community that will harm its 
residents and pollute local schools.  They have argued that dirty biomass wood-fueled 
energy, is even worse than Coal Power Plants. (Bannin 2012) The proponents of the 
facility, lead by the project developers Palmer Renewable Energy, instead believe that, 
“The opponents’ arguments, however, are contradicted by science and engineering that 
show the plant, as designed, will be safe, state-of-the-art and well within standards set 
by state and federal regulations”(Gonnan 2011 p. 1). Beyond health concerns the 
developers also promote the jobs the plant will provide the community, 50 permanent 
and 200 temporary construction jobs.(Ibid) 
The communities that the siting of this hazard would affect register in all four 
socio-economic areas of focus. Prior to any consideration of the bio-mass project, the SV 
value for the block group in which the plant is to be sited is 12, while the neighboring 
communities have scores of 40, 40, 18 and 4 (Figure 28). 
In terms of existing hazards, the block group within which the proposed biomass 
plant is to be sited, represents one of the highest burdened communities in the state. 
The block group contains 15 hazard sites not including the potential siting of the bio 
mass plant. There are numerous other hazards surrounding the site leading to an EH 
value of 27.75 before calculating the impact of the proposed plant. Taking the social and 
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the environmental hazards together brings an overall EHS value for the community of 
39.75, leading to a classification of High Burden. The surrounding communities are all 
heavily burdened as well receiving scores of 59, 53, 32, 24.75 and 18 (Figure 29), these 
are all the scores before the inclusion of proposed plant. With the siting of this plant the 
block group in question would see its EHS score rise to 40.75 and with the surrounding 
communities increasing in similar fashion. Based upon the analysis of the potential siting 
of the biomass plant, the impact on vulnerable populations and the addition to already 
overly burdened communities, the model demonstrates that the biomass plant should 
not be siting in this location and an alternate location should be found.   
2. Salem, Massachusetts 
 Salem, Massachusetts was founded in 1626 and represents the site of the 
famous witch trials, a source of local fame and tourism revenue. Salem is on the north 
shore of Massachusetts and has a deep water port that allows for commercial vessels to 
operate from the port. During the time of the American Revolution and the years after 
the port was an important part of global trade. The city has a demographic makeup of a 
mainly white population with 75.0% white, 4.9% African American, 2.6% Asian and 
15.6% of the population identifying as Hispanic or Latino. (Bureau 2012) This 
demographic breakdown represents a standard breakdown of the north shore of 
Massachusetts with the urban influence of the city creating more heterogeneity than 
that of the surrounding towns. The city’s economy is currently focused around tourism 
and the presence of Salem State University. (Salem 2012) 
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a. Salem Harbor Power Station 
 The Salem Harbor Power Station is a coal and oil power plant that has been in 
commercial operation since 1951. This plant has for over half a century exposed the city 
and nearby residents to the pollutants that comes with generating power (583 
megawatts currently). While environmentalist and politicians have sought to shut the 
plant down, it has survived as a large quantity polluter due to its ability to provide a 
reliable electric supply, as power grid operators deem its power generation necessary. 
(Howe 2011) This plant has seen protests for decades over its pollution and recently has 
filed to close in June 2014. (Dominion 2012) Many see this closure as a good thing for 
the community as it would see the removal of this large polluting facility and open up 65 
acres of water front real estate to potential development (Teehan 2011). The discussion 
about what comes next for the space is currently an ongoing debate and one potential 
proposal is to replace the coal and oil burning power plant with a natural gas power 
station The neighboring communities represent a large portion of the city’s vulnerable 
populations with three communities qualifying as severely burdened.  These 
communities have SV scores of 44, 36, 36, 12 and 0 (Figure 30). These scores represent 
how the communities directly surrounding the power plant are comprised of historically 
vulnerable populations indicating that it would be in the best interest of an already 
burdened community to not replace the shuttering of the coal and oil burning power 
plant with that of a gas burning plant (Figure 31). The removal of this plant would 
protect populations that have historically been taken advantage of in respect to the 
siting of hazards. 
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CHAPTER III 
CONCLUSION 
A. Discussion 
 The environmental justice index that has been developed in this thesis has 
allowed for the more-accurate identification of environmental justice communities. 
With this information a better understanding of Massachusetts is possible. Knowing 
where the vulnerable populations reside, and their location in reference to hazardous 
sites we can protect these populations from future exploitation. The data that this 
model has created is designed to be used in many decision making processes. While this 
data clearly outlines areas where future development of hazard sites should not occur, 
this data can only represent one part of the equation when siting decision are made. 
Using the model can help prevent further harm toward populations who historically had 
difficulty defending their communities from negative developments. 
1. Importance 
 The initial creation of this index was driven by the Pioneer Valley Planning 
Commission’s need for a better way to assure that infrastructure decisions do not 
negatively impact environmental justice populations. This was achieved by providing 
quantitative Social Vulnerability Values applied to communities, allowing for more 
informed decisions to be made. The model provides a way to analyze environmental 
justice through both socioeconomic and hazard location data, and allows for the 
comparison of study areas large and small.  The impacts of existing hazardous uses upon 
communities and populations can be identified and measures can be implemented to 
61 
 
mitigate the existing effects and prevent future exploitation.  Beyond the large scale 
impacts of this model, the model can be applied to projected hazard siting, providing 
important valuations of proposed sites and thereby enabling more just, well informed 
decision to be made.  
2. Limitations 
 The results in this model are based on a select few data sets: Median Household 
Income, Percent People of Color, Limited English Proficiency and Educational 
Attainment. There are other potential attributes that could help improve the 
methodology of the model, and future work could explore expanding the attribute base. 
The decision to limit the hazard categories to three was made to simplify the method 
and based upon previous research conducted on distance-decay of hazard impacts.  
 The evaluation of the water discharge hazard category was done in respect to 
the size of the study area. It is important to note that the potential impacts in regard to 
pollutants entering a water supply are extremely difficult to accurately model. This 
limitation of the model must be understood and accounted for by parties who are 
applying the method to their study area. A thorough understanding of the hydrology of 
the area, where the drinking water of a community is coming from and the potential 
water hazards around that site must be fully understood for an accurate evaluation of 
water hazards and their impact. In situations where the water supply for a study area is 
not included in the study area, it is necessary to evaluate the water source and the 
potential environmental hazards within its vicinity. The approach applied to water 
hazards in the model is a basic approach that can facilitate a best guess evaluation for 
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the study area, but each study area is unique and the individual running the method 
must make their own decisions based upon their knowledge of the study area and its 
water supply. 
 The lack of a system to correct for the margin of error is an area where the 
model needs improvement. Even with the efforts put forth by the U.S. Census to correct 
for margin of error issues the user should account for the margin of error potential in 
their data. 
 The approach to measuring hazardous emissions and their localized impacts 
does not examine every possible emitter. Those not included within the method are 
mobile emitters such as the automobile, a community’s proximity to a highway, and 
agricultural emissions along with other area sources. These are types of impacts that 
can be easily incorporated into the model if supported by the requisite research to 
determine its spatial impact on the surrounding area. 
 A final limitation reflects the two-prong definition of environmental justice.  This 
index is an expert-driven data process, and does not as written include consultation with 
community members to identify their perceptions of what is important, and what is less 
important.  The model includes assumptions about appropriate thresholds for poverty, 
for instance, or education, and these may vary place by place or policy by policy.  It also 
does not address the process and inclusion goals of environmental justice.  A fuller 
applied process should utilize this data in combination with community consultation.  In 
particular, the weighting of the various factors and determination of thresholds would 
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be an appropriate place for community consultation, to assure that the definition of 
environmental justice that results is one that has meaning locally. 
3. Existing Environmental Justice Indexes 
 This work introduces a user-friendly method that can identify environmental 
justice communities and the burdens that exist throughout the selected study area. This 
method looks to fill a gap in the research that is currently present in both the academic 
and government sectors. Very few indexes currently exist, and of existing indexes, most 
focus solely on socio-economic conditions or a single type of hazard, not accounting for 
variation in hazards or the level of intensity of socio-economic difficulty a community 
may experience. This present an area where this method is able to provide a more 
complete analysis of the study area, by providing separate distance values for each 
hazard type a more accurate measure of environmental justice burden can be 
determined. In the method put forward by Sadd, Pastor et al. 2010, they require 
multiple complicated steps only providing a single level of output to the user. This 
method is designed to provide the user with the amount of analysis desired, it is 
possible to stop at level one of the method requiring no use of expensive GIS software 
packages. The data at level one may not provide as detailed an analysis of the 
communities and their hazard burden, but it provides a solid foundation for any future 
work desired providing an understanding of where historically vulnerable populations 
reside within the study area. This ability to segment the model allows for the important 
information to be digested, allowing for future levels to be completed if it is determined 
to be beneficial to do so.  
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B. Future Research 
 This index includes a limited set of socio-economic and hazardous uses 
indicators. The next step for this model is to incorporate the natural environment into 
the methods, determining and subsequently representing the ways in which a 
community is vulnerable to nature and natural disasters. A further step in improving the 
model is to incorporate the health of communities, determining through government 
documentation how community health issues can be related to local hazards. Local 
levels of asthma or diabetes, for instance, could included.  Using more indicators would 
allow a broader understanding of the burden of environmental justice within a 
community. A subsequent addition to the model would be a component that can 
provide demographic and/or economic change predictions to siting of hazard. If a 
landfill, for instance, provides both local jobs and local environmental problems, or a 
power plant closing cleans the air but causes job loss, is there a weighting that would 
show both sides of the issue? This is obviously morally and politically complex, but could 
be useful in terms of policy making.  
 Beyond adding additional levels to the model future research should be 
conducted applying the model to study areas drastically different than the state of 
Massachusetts. Questions about the model exist currently as to how it will handle 
regions that have highly diverse populations. By applying this model to a different study 
area, the effectiveness of the model on a national scale can be determined. A further 
ambitious step would be to apply the model to the entirety of United States of America, 
to gain an understanding of how this country has dispersed its environmental justice 
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burden and how historically vulnerable populations have been affected. Additionally 
future steps need to be developed within the model to address margin of error in the 
data.  
 A central component of the model is the thresholds and weighting of risks 
implicit in the math utilized.  Future research should test the sensitivity of the outcomes 
to changes in these thresholds, and perhaps develop the ability of policy-makers to 
interact with the model through explicit choices regarding thresholds and weighting.  
This will increase the transparency of the model, which is an important attribute of a 
sound EJ index. 
 Moving past the model itself, a strong platform is provided for spatially directed 
research to be preformed upon how environmental justice populations have come to 
exist. What trends have occurred that has lead to communities becoming over 
burdened, and why are these populations considered historically vulnerable? Further 
work with the model can be used to better identify vulnerable populations, possibly 
shedding light on a sector of the population that has had its exploitation obscured by 
larger populations and localized trends.  
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APPENDIX A 
FIGURES 
 
 
Figure 1: Fall Studio 2011 Environmental Justice Index 
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Figure 2: Level of Analysis 
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Figure 3: Massachusetts Environmental Justice Score 
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Figure 4: Median Household Income Environmental Justice Indicator 
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Figure 5: Median Household Income Environmental Justice Value 
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Figure 6: Limited English Proficiency Environmental Justice Indicator 
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Figure 7: Limited English Proficiency Environmental Justice Value 
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Figure 8: People of Color Environmental Justice Indicator 
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Figure 9: People of Color Environmental Justice Value 
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Figure 10: Educational Attainment Environmental Justice Indicator 
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Figure 11: Educational Attainment Environmental Justice Value 
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Figure 12: Hazardous Waste Sites Three Ring Buffer 
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Figure 13: Hazard Waste Sites Impact Assessment 
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Figure 14: Air Permit Sites Three Ring Buffer 
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Figure 15: Air Permit Sites Impact Assessment 
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Figure 16: Water Discharge Sites Wellhead Buffer 
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Figure 17: Water Discharge Sites Impact Assessment 
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Figure 18: Massachusetts Environmental Justice Hazard Impact 
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Figure 19: Environmental Justice Hazard Classification Key 
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Figure 20: Hazard Site Kernel Density Analysis 
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Figure 21: Massachusetts High Environmental Justice Impact Areas 
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Figure 22: Median Household Intensity Hazard Density Line Fit Plot 
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Figure 23: People of Color Intensity Hazard Density Line Fit Plot 
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Figure 24: Limited English Proficiency Hazard Density Line Fit Plot 
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Figure 25: Educational Attainment Intensity Hazard Density Line Fit Plot 
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Figure 26: Environmental Justice Score Hazard Density Line Fit Plot 
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Figure 27: Environmental Justice Value Hazard Density Line Fit Plot 
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Figure 28: Springfield Biomass Local Community Environmental Justice Assessment 
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Figure 29: Springfield Biomass Local Community Environmental Justice Hazard Score Assessment 
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Figure 30: Salem Harbor Power Station Local Community Environmental Justice Score Assessment 
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Figure 31: Salem Harbor Power Station Local Community Environmental Justice Hazard Score Assessment 
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APPENDIX B 
TABLES 
Table 1: Median Household Income Valuation 
Social Vulnerability Value  Threshold  Study Area Value 
0 Average $69,171.66 
1 25% Below Average $51,878.74 
2 50% Below Average $34,585.83 
3 75% Below Average $17,292.91 
 
 
Table 2: Limited English Proficiency Valuation 
Social Vulnerability Value  Threshold  Study Area Value 
1 Average 4.60% 
2 Double Average 9.20% 
3 Triple Average 13.80% 
 
 
Table 3: People of Color Valuation 
Social Vulnerability Value  Threshold  Study Area Value 
1 25% 25% 
2 50% 50% 
3 75% 75% 
 
Table 4: Educational Attainment Valuation 
Social Vulnerability Value  Threshold  Study Area Value 
1 Average 12.54% 
2 Double Average 25.07% 
3 Triple Average 37.61% 
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Table 5: Hazard Aggregation Table 
Hazard 
Category 
Hazard Classification Abbrevi
ation 
Agenc
y  
Date 
 
 
Hazardous Waste 
Sites 
Large Quantity Generators of Hazardous Waste LQG EPA, 
MEPA 
2009 
Large Quantity Toxic Users LQTU DEP 2009 
Hazardous Waste Recyclers HWR EPA 2009 
Hazardous Waste Treatment, Storage and/or 
Disposal Facilities 
TSDG EPA 2009 
Air Permit Sites Facilities with Air Operating Permits AIR EPA 2009 
 
Water Discharge 
Sites 
Facilities with Type II Surface Water Discharge 
Permits 
SWD MA 
DEP 
2009 
Facilities with Type II Groundwater Discharge 
Permits 
GWD MA 
DEP 
2009 
 
 
Table 6: Hazardous Waste Buffer Distances 
Hazard Site Impact Value Threshold Distance 
1 804 Meters 
0.75 1207 Meters 
0.5 1609 Meters 
 
 
Table 7: Air Permit Buffer Distances 
Hazard Site Impact Value Threshold Distance 
1 305 Meters 
0.75 610 Meters 
0.5 915 Meters 
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Table 8: Median Household Income Intensity Hazard Density Regression Statistics 
Regression Statistics 
Multiple R 0.243112881 
R Square 0.059103873 
Adjusted R Square 0.058917113 
Standard Error 0.356681381 
Observations 5040 
 
 
Table 9: Median Household Income Intensity Hazard Density Relevant Statistics 
  Coefficients Standard 
Error 
t 
Stat 
P-value Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept 0.32627 0.005861 55.66 0 0.3147 0.3377 0.31478 0.33776 
X Variable 
1 
0.11228 0.006311 17.78 1.04 
E-68 
0.0999 0.1246 0.09990 0.12465 
 
 
Table 10: People of Color Intensity Hazard Density Regression Statistics 
Regression Statistics 
Multiple R 0.33178 
R Square 0.110078 
Adjusted R Square 0.109901 
Standard Error 0.346885 
Observations 5040 
 
 
Table 11: People of Color Intensity Hazard Density Relevant Statistics 
  Coefficients Standard 
Error 
t 
Stat 
P-
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept 0.310414 0.005625 55.1 0 0.2
99 
0.32144 0.2993 0.321442 
X Variable 
1 
0.136281 0.005459 24.9 8.8 
E-130 
0.125 0.14698 0.1255 0.146984 
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Table 12: Limited English Proficiency Intensity Hazard Density Regression Statistics 
Regression Statistics 
Multiple R 0.305143 
R Square 0.093113 
Adjusted R Square 0.092933 
Standard Error 0.350176 
Observations 5040 
 
 
Table 13: Limited English Proficiency Intensity Hazard Density Relevant Statistics 
  Coefficients Standard 
Error 
t 
Stat 
P-
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept 0.317659 0.00564 56.2 0 0.3065 0.32872 0.306597 0.328721 
X Variable 
1 
0.113611 0.00499 22.7 4.4 
E-109 
0.1038 0.12340 0.103818 0.123404 
 
 
Table 14: Educational Attainment Intensity Hazard Density Regression Statistics 
Regression Statistics 
Multiple R 0.223984 
R Square 0.050169 
Adjusted R Square 0.04998 
Standard Error 0.358371 
Observations 5040 
 
 
Table 15: Educational Attainment Intensity Hazard Density Relevant Statistics 
  Coefficients Standard 
Error 
t Stat P-
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept 0.327362 0.005991 54.6 0 0.315 0.3391 0.3156 0.33910 
X Variable 
1 
0.093194 0.005713 16.3 2.46 
E-58 
0.081 0.1043 0.0819 0.10439 
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Table 16: Social Vulnerability Hazard Density Regression Statistics 
Regression Statistics 
Multiple R 0.32144993 
R Square 0.103330058 
Adjusted R Square 0.103152076 
Standard Error 0.348197705 
Observations 5040 
 
 
Table 17: Social Vulnerability Hazard Density Relevant Statistics 
  Coefficients Standard 
Error 
t 
Stat 
P-
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept 0.31181496 0.005662 55.0 0 0.300 0.32291 0.30071 0.32291 
X Variable 
1 
0.01048775 0.000435 24.0 1.676
E-12 
0.009 0.01134 0.00963 0.01134 
 
 
Table 18: Social Vulnerability Value Hazard Density Regression Statistics 
Regression Statistics 
Multiple R 0.338073 
R Square 0.114293 
Adjusted R Square 0.114118 
Standard Error 0.346062 
Observations 5040 
 
 
Table 19: Social Vulnerability Value Hazard Density Relevant Statistics 
  Coefficients Standard 
Error 
t 
Stat 
P-
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept 0.290493 0.006007 48.3 0 0.278 0.3022 0.27871 0.302269 
X Variable 
1 
0.042596 0.001671 25.4 5.5 
E-13 
0.039 0.0458 0.03932 0.045871 
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